Scheuermann juvenile kyphosis or Scheuermann disease is the most frequent cause of kyphosis in adolescence. However, the natural history and genetic basis is still unknown. Reports of identical radiological changes in monozygotic twins, sib recurrence, and transmission over three generations suggest underlying heritability. In this study, 12 probands were referred to us. Upon radiological examination of the proband's parents and sibs, seven were shown to have familial Scheuermann disease with an autosomal dominant pattern of inheritance. Of the remaining five probands, four had chromosomal anomalies. The three largest pedigrees were subjected to linkage analysis with three candidate genes: Duffy, COLlAl, and COL1A2. Linkage of Scheuermann disease was excluded with Duffy (lod score = -2-195 at 0=010) and COL1A2 (lod score = -2-750 at O= 005) in these families.
Scheuermann juvenile kyphosis or Scheuermann disease is the most frequent cause of kyphosis during adolescence' with a population prevalence of approximately 8 3%.2 It is a progressive disorder with onset in late childhood or early adolescence and has been reported to occur more frequently in boys than girls. Scheuermann disease is characterised by lumbar or thoracic kyphosis or both (fig 1) , back pain, and a variety of vertebral changes including wedging, end plate irregularity, narrowing of disc spaces, Schmorl's nodes, and detached epiphyseal rings (fig 2) . The natural history and genetic basis for this disorder has yet to be elucidated. Almost complete identity of radiological changes in monozygotic twins suffering from Scheuermann disease suggests there is a major heritable contribution.3 A number of reports support autosomal dominant inheritance of this disease in some families.2' In the present study, 12 probands with diagnosed Scheuermann disease were referred. Upon radiological examination of the proband's parents and sibs, it was established that there was a familial incidence of the disease in seven families. These families were investigated further and an autosomal dominant form of inheritance was probable in all seven. In order to elucidate the genetic basis of Scheuermann disease in these families, several candidate genes were selected for linkage studies.
In the three generation family reported by Homozygotes have either a 2-6 kb (lanes 1, 3-8, 11 , 12) or a 3-6 kb (lane 2) band. Heterozygotes show both bands (lanes 9, 10).
Of the 49 affected subjects, 26 were male and 23 were female. X2 analysis showed there was no statistical difference between the number of affected males and females (X2 = 0.09, p < 0.05).
All seven families with familial disease showed a pattern of autosomal dominant inheritance with the possible exception of two of the smaller families, where X linked inheritance could not be ruled out. Three multigenerational families with sufficient family members consenting to radiographic and DNA studies to allow inclusion in the study were suitable for linkage analysis (fig 4) . Linkage to Duffy, COLlAl, and COL1A2 was investigated.
The frequency of the two common Duffy (Fy) alleles a and b is 0 45 and 0 55 respectively. All three families were informative for Duffy. The probe p25C.6 contains 1-8 kb of human cDNA from near the 5' end of the proal(I) collagen gene (COLlAl). p2FC.6 identifies an RsaI RFLP. Homozygotes for the + allele show a 2-6 kb band and homozygotes for theallele show a 3-6 kb band. Heterozygotes show both bands ( fig 5B) . The frequencies for the + and -alleles are 0-86 and 0-14 respectively. Probably because of the low frequency of the -allele generated by p2FC.6 (PIC=0-21), neither family 2 nor 3 was informative for COLlAl polymorphism. The lod scores generated by linkage analysis with family 1 showed only probably non-linkage to COLlAl (Z= -1-321 at 0=0) (table 3) .
Autoradiographs of Southern blots of both the families' DNA and DNA from the remaining five probands not included in the collagen type I linkage studies showed only the expected RFLPs indicating that in these cases Scheuermann disease was not the result of a major deletion or insertions in the regions spanned by either NJ/4.1 or p2FC.6.
Discussion
Scheuermann disease has received a large amount of attention in medical publications of recent years. Primarily these reports have While this study cannot be a population genetic study because of the biased ascertainment of the probands, it shows that radiological evidence of Scheuermann disease may be more frequent in families than previously suspected from the frequency of Scheuermann kyphosis.
The results of this study do not support previous reports of Scheuermann disease affecting more males than females. It is possible that males generally play more contact sport or are involved in more labour intensive work than females. This may lead to an increased incidence of back pain and hence more frequent presentation of males to orthopaedic clinics.
The results from this study excluded linkage of the Scheuermann disease locus to the centromeric chromosome 1 We have reported four subjects who have Scheuermann disease and chromosome anomalies, three of whom had sex chromosome anomalies. In a survey performed by Muller and Gschwend,33 10 out of 22 cases of Turner's syndrome were shown to have Scheuermann disease. Additionally they presented a case report of a patient with both Klinefelter's syndrome and Scheuermann disease. As the clinical manifestations of Scheuermann disease coincide with puberty, it may be that Scheuermann disease is influenced by hormonal/developmental factors. Further studies of unselected groups of patients with sex chromosome aneuploidy are indicated to confirm the frequency of Scheuermann disease and XO, XXY, and XYY respectively. The subject with the chromosome 2 anomaly (2q +) was not available for further evaluation.
This work has enabled planned follow up studies of the cohort described in this report which will give important information pertaining to the natural history of Scheuermann disease.
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